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Electron experiments



PAMELA (2008)



Talk by W. Mitthumsiri at Fermi Symposium 2011

Latest from Fermi



Breaking news!



Zwicky

Neutron stars result 
from supernovae

Supernovae as 
source of 

cosmic rays

What is the 
cosmic ray 
output of 

neutron stars?



Goldreich and Julian (1969)

Pulsar wind

ṄGJ � B Ω2R3/ec



HESS (2006)

Vela X

290 pc

11,000 yr

Larger radio 
nebula not shown



HESS (2006)

Vela X

Electron spectrum 
consistent with E-2 
with exponential 
cutoff at ~70 TeV

~1046 erg in TeV 
electrons seen, 
more if escape 

allowed for



Vela X

Radio implies 
electron spectrum 

of form E-1.8

~4 x 1048 erg
in radio 

population

de Jager, Slane, Lamassa (2008)

Cutoff at ~100 GeV?

>10% of pulsar 
spin-down energyṄGJ � B Ω2R3/ec

M = Ṅe±/ṄGJ

TeVGeVkeVeV



Fermi (2010)

Vela X
Confirmed!

Cutoff at ~100 GeV

also detected by AGILE

Two distinct electron/
positron populations

Vela pulsar



HESS (2006)

>1048 erg
of electrons

HESS J1825–137

3.9 ± 0.4 kpc

21,400 yr



Multi-TeV electrons 
being measured

HESS J1825–137

HESS (2006)

Deep observations due 
to nearby LS 5039 

Is this common?



HESS J1825–137

Fermi (2011)

Electron spectrum 
of form E-1.9

Cutoff at ~60 TeV

~5 x 1049 erg
of electrons/
positrons!

Now detected by Fermi



Look to the TeV

Milagro (from talk by B. Dingus)

10 out of 17 multi-TeV associations with Fermi GeV pulsars



Caraveo et al. (2003)

Geminga

~200 pc

~300,000 yr

Not seen in radio



Look to the TeV

Milagro (from talk by B. Dingus)

Geminga



Milagro (2009)

Geminga 
detected in 

~35 TeV 
gamma rays

Extended 
source

VERITAS 
constrains 

point source



Yuksel, Kistler, Stanev (2008)

Pair production is required to account for TeV gamma ray luminosity

Fresh particle acceleration
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Time-dependent propagation from a point source

Atoyan, Aharonian and Volk (1995)



Yuksel, Kistler, Stanev (2008)

Electron spectrum including Geminga





AMS-02 now up! 

To higher energies

Talk by S. Ting



To yet higher energies

Aharonian, Buckley, Kifune, Sinnis (2008)



To yet higher energies

Milagro

KASCADE CASA-MIA
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Time-dependent propagation from a point source 
redux

Phenomenological resolution from 
Aloisio, Berezinsky, Gazizov (2009)



To the highest energies

Kistler & Yuksel (2010)
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To the highest energies

Kistler & Yuksel (2009)



What’s out there?

CREST (2009)

CALET will cover a similar energy range



Conclusions

Energy frontier for cosmic-ray electrons/
positrons moving into multi-TeV regime

Will allow to study of the not-too-distant 
history of nearby sources

Gamma-ray data implies production of 
large quantities of positrons by pulsars


